Various 5-methyl-3-aminofurans have been shown to undergo facile DielsAlder reactions with methyl acrylate in aqueous media. Reactions proceeded with exclusive regiochemistry, and enamine cycloadducts were readily hydrolysed to afford 7-oxabicyclo[2.2.1]heptanones in high yields.
Introduction
The Diels-Alder (D-A) reaction has become one of the most widely used synthetic tools in organic chemistry, providing a direct route to highly functionalized ring systems such as those found in carbohydrate and terpenoid structures. [1] It is often chosen in a synthetic pathway because of the predictability of its regiochemical outcomes and the ready accessibility of dienes and dienophiles.
The preparation of activated dienes has been achieved through the incorporation of heteroatom substituents onto the conjugated  system. The syntheses of heterosubstituted 1,3-butadienes [2] are well established, allowing access to specifically functionalized reagents for the production of cyclic structures with complex substitution patterns. Furthermore, asymmetric activating substituents have shown remarkable success in achieving diastereoselectivity in [4 + 2] cycloaddition reactions and, when labile, allow for the recovery of chiral auxiliaries [3, 4] .
Furans are used in D-A reactions [5] as the general pathway to 7-oxabicyclo[2.2.1]heptenes and their derivatives. The low reactivity of furan dienes is often overcome by catalysis or by using elevated pressures and temperatures [6] . N-3'-furylbenzamide and 3-methylthiofuran [7, 8] undergo facile cycloaddition with monoactivated dienophiles, and Schlessinger et al. have demonstrated the preparation of oxabicycloheptanone adducts from chiral 3-furylamines for the construction of (+)-cyclophellitol [9, 10] . 2-Aminofurans have also been prepared by Padwa et al. and used in the preparation of substituted anilines and phenols [11, 12] .
Bridged oxabicyclic products are useful building blocks for natural product synthesis [13] and were required for ongoing studies towards the ketone moiety of the biologically active neoclerodane diterpenoid salvinorin A [14] . Recent work undertaken by our group has focused on a general preparation of 3-furylamines as diene precursors to oxabicyclo[2.2.1]heptanones [15] . In this paper we wish to report our preliminary studies on the reactivity of 5-methyl-3-amino substituted furans in Diels-Alder cycloaddition reactions.
Results and Discussion
The chemistry of furans bearing amine substituents at the 3-or 4-position still remains largely unexplored. Preparation of 3-furylamines from tetrahydropyran-2-yloxy (THP)-protected alkynols has allowed the incorporation of a variety of amine substituents in these Diels-Alder substrates (Scheme 1).
Ab initio molecular-orbital studies suggest that the presence of an amino group on the furan ring has a destabilizing effect on the aromaticity of furan [16] , as well as producing an increase in HOMO energy levels [12] . Both effects contribute to an increase in reactivity towards pericyclic reactions and promote exclusive selectivity in regiochemical outcomes. Preliminary D-A reactions were performed using various 5-methyl-3-furylamines and methyl acrylate (MAC) in a range of organic solvents. We were concerned to find that the reaction was unsuccessful using 4-(5-methylfuran-3-yl)morpholine 3a in benzene, toluene and dioxane at room temperature and heating led to slow decomposition of the starting materials. However, cycloadduct 4a was formed in moderate yield (60% via GCMS) in hexane at reflux and the reaction progressed cleanly to completion in dichloromethane (DCM) at ambient temperature. In DCM, decomposition accompanied reaction times longer than 12 hr for 3a-b and no significant change in diastereomeric ratio was observed over time suggesting that the cycloaddition is under kinetic control. It should also be noted that the formation of by-products and decomposition create difficulties in differentiating changing diastereomeric ratios. The enamine 4 was labile to hydrolysis from traces of moisture and crude mixtures typically contained both 4 and 5.
Attempts to isolate 4 were unsuccessful and reversal to furylamine starting reagents The D-A studies were extended to the use of ionic solvents. Reactions in water gave impressive results with short reaction times using furans 3a-3c provided all materials were freshly distilled (Table 1) . Additional increases in ionic strength by the addition of lithium chloride shortened reaction times of furans 3b and 3c to less than 10 minutes at room temperature. Under aqueous conditions, the enamine intermediate 4 was hydrolysed in situ by continued stirring. It was interesting to note that although more hindered amines 3b and 3d gave poor yields in DCM, all furans studied were successfully transformed into products when the reaction was performed in water. Reactions in organic media performed using 1.2mmol of 3 in 10 mL solvent.
The increased rate of D-A reactions in aqueous solutions and aqueous salt solutions has been well documented since the discovery of the reaction itself and this has been attributed to hydrophobic packing and the increased internal pressure on hydrophobic substrates [17, 18] . The use of the ionic liquid DIMCARB [19] allowed reactions to be carried out under homogenous conditions, producing excellent results and offering an alternate benign solvent as a reaction medium.
In aqueous media gram quantities of racemic product 5 were made accessible using the furylamines 3a and 3b. Amines 3a and 3d required the addition of at least 2 equivalents of dienophile since the free amine consumed acrylate by 1,4-addition once hydrolysis had occurred. We also noticed that the longer reaction time of 3d, bearing larger amine substituents, could be reduced to one hour when ultrasonic irradiation was employed as a means of enhancing the solubility of the furan in solution.
Further studies towards achieving enantioselectivity through the incorporation of non-racemic amines is currently under investigation. It is likely that chiral furylamines will allow access to enantioenriched mixtures of oxabicyclo[2.2.1]heptanes 5a and 5b as highly functionalized building blocks for the preparation of larger organic molecules.
Provided both enantiomorphs of the chiral amine substituent are accessible, antipodes of both 5a and 5b can be prepared resulting in a general and flexible pathway to oxabicyclic structures with the desired stereo-and diastereo-chemical features.
Conclusion
In this paper we have described suitable reaction protocols for the Diels-Alder reaction of furylamines 3a-3d were prepared by previously reported procedures [15] . 1 H and 13 C NMR spectra reported for isolated compounds of purity >97%. Where 
